As elevated triglyceride (TG) to high-density lipoprotein cholesterol (HDL-C) ratio has been described as predictor for cardio metabolic disease with insulin resistance (IR) in the background, the aim was to assess the relationship between this ratio and IR in youth. Oral glucose tolerance test was performed in 318 Brazilian students (175 girls, 11.2 ± 3.2 years, BMI_z-score 1.2 ± 1.4 SD). Measurements: BMI, waist circumference (WC), blood pressure (BP), lipids, insulin and high sensitivity C-reactive protein (hsCRP). Excessive weight and abdominal obesity were defined using BMI_z-score and WC and IR by Homeostasis model assessment-insulin resistance (HOMA-IR). TG/HDL-C median was 2.37. There was an association between TG/ HDL-C and WC, systolic and diastolic BP, insulin, HOMA-IR, hsCRP, (p < 0.001). Stratified TG/HDL-C into two groups, based on a cut off point of 2.73 (Group 1: <2.73 and Group 2: ≥2.73). Adjusting for age, gender, ethnicity TG/HDL-C was an independent variable predicting IR (PR = 1.44; CI: 1.07 -1.96; p = 0.018). For every 1 (cm) in WC increased there was an addition of 0.04 of the value of TG/HDL-C and in those with TG/HDL-C ≥ 2.73 for every 10 (cm) increase in WC there was an improve of 4% in the ratio. In conclusion: In youth, the TG/HDL-C ratio could be a useful index for identifying groups with IR.
INTRODUCTION
With recent increases in obesity among individuals in the pediatric age group, the rates of cardiovascular risk factors, are also rising [1, 2] with the background of insulin resistance (IR) [3, 4] .
Classic markers explain only half the incidence of cardiovascular disease (CVD) [5, 6] thus the availability of relatively simple measures to identify subjects who are insulin resistant and have an atherogenic lipid profile linked to cardiometabolic disturbances would be of significant clinical benefit. Previous studies have demonstrated that fasting insulin and homeostasis model assessment (HOMA) are markers of IR [7] but there has been no attempt to standardize assays of insulin concentration to date. The triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) ratio concentration has been reported to be closely related to IR in adults [8] [9] [10] [11] .
Hypertriglyceridemia is associated with low HDL-C, remnant-like particles, intermediate density lipoprotein and small, dense LDL-C, especially with the latter. This specific particle is an atherogenic lipoprotein with high capacity to promote oxidative modifications [12] , but its requires highly sophisticated techniques to evaluate its size, and TG/HDL-C has been shown to be correlated to this specific size of LDL-C [13, 14] .
It was demonstrated that youth with an elevated TG/ HDL-C are prone to express a proatherogenic lipid profile with atherogenic LDL particles [15, 16] .
Therefore, to find commonly available marker that could help clinicians identify persons who had not only IR but also at heightened risk for atherogenic profile it was evaluated, in a sample of overweight Brazilian children and adolescents, the relationship between TG/HDL-C ratio and abdominal obesity and IR. overweight/obese youth recruited from public and private schools of Feira de Santana, Bahia, Brazil. Some of these participants are part of a larger study on the epidemiology of MS and IR in childhood obesity and thus have been reported on previously [17] . This sample comprised 318 healthy subjects (175 girls; 180 with excessive weight; mean age ± SD, 11.2 ± 3.2 years).
The students attended the Unit initially to undergo a clinical and anthropometric examination after being instructed to refrain from vigorous physical activity on the day before the study date [17] . Blood pressure was measured in triplicate in accordance with the recommendations of the Task Force Report on High Blood Pressure in Children and Adolescents [18] and a standard 2-h oral glucose tolerance test (OGTT) was performed, in accordance with the American Diabetes Association guidelines [16, 19] . Blood samples were withdrawn for the fasting measurement of glucose, insulin, HDL-C, TG and high sensitivity C-reactive protein (hsCRP) and following glucose ingestion, at 120 minutes, for measurement of plasma glucose. Sera were stored at −70˚C until they were analyzed. Plasma glucose, HDL-C, and TG concentrations were measured by automated enzymatic photometry; serum insulin levels by radioimmunoassay unit (Linco Laboratories) and hsCRP by fixed time nephewlometry [reporting range 0.2 -10 (mg/L), coefficient of variation < 7%) (Dade Behring, Deerfield, IL].
Definitions
To compare body mass index (BMI) across different ages, the BMI z-score was calculated, and a threshold of 1.5 or more defines excess weight for both genders. The degree of IR was defined using the HOMA-IR index, based on serum fasting glucose and insulin levels (product of glucose concentrations [expressed as milligrams per deciliter], and insulin [expressed as milliunits per milliliter] divided by a constant [405] ) was used as a measure of IR and the cutoff used was 3.16 [20] .
Subjects were classified into two groups based on a cut off point of 2.73 (Group 1: <2.73 and Group 2: ≥ 2.73).
As part of a protocol used by the authors [17] , the WC was measured using the methodology described by the National Center of Health Statistics [21] and the blood pressure according to the Task Force on Blood Pressure Control in Children [18] . After training, a team formed by three nursery education students performed the anthropometric measurements in triplicate and the mean value was used. Ethical approval for the study was granted by the local Human Research Ethics Committee. Informed consent and assent were obtained from all guardians for the study, which was conducted in conformance with the 1975 Helsinki Declaration.
Statistical Analyses
To obtain cut-off values the overweight group was analyzed together with the obese group against the normal weight group. Receiver-operating characteristic (ROC) analysis was used to establish optimal cut-off values (Figure 1) .
Data were presented as means ± standard deviation (SD), except for the TG/HDL-C ratio, for which the median value was shown. Categorical variables were expressed as frequencies and proportions. The Chi-square ( 2 ) or Fisher's exact tests were used whenever appropriate. The Student's-t test (for symmetric variables) or Wilcoxon's rank-sum tests (for non-symmetric variables) were performed to compare continuous variables between groups above and below the cut-off value of the ratio. Spearman or Pearson correlation coefficients of the TG/HDL-C ratio, and clinical findings within biochemical parameters were presented. To control the confounding effects of age, sex, ethnic groups and BMI on the relationship between the TG/HDL-C ratio and IR, multiple logistic regression analyses were performed, and were used to model categorized TG/HDL-C ratio. The prevalence ratio (PR) was the measure of association used, confidence interval (CI) was reported and a p-value  0.05 was considered statistically significant. SPSS (Statistical Packard for Social Sciences) for Windows statistical software version 17 was used for all calculations.
RESULTS
Based on the cut-off point of the ratio, the sample was classified in Group 1 (n = 193), and Group 2 (n = 125) and in Table 1 , anthropometric, clinical and metabolic variables were presented. BMI and WC were significantly increased in the Group 2, as well as systolic and For every 1-cm increase in WC there were a improve of 0.04 in terms of unit of TG/HDL-C ratio and in those with TG/HDL-C above or equal 2.73 for every 10 (cm) increase in WC there were a improve of 4% in the ratio.
DISCUSSION
Others studies conducted by our group clearly showed that childhood obesity has high prevalence in developing countries [22] and leads to several cardio metabolic disturbances, such as increase in blood pressure [23, 24] presence of fatty liver disease [25] , IR [26] , metabolic syndrome and subclinical inflammation [17] . Therefore, excessive weight is related to a preatherosclerosis status that starts early in life and is associated with increased mortality due to CVD [27] . The MS, is a constellation of interrelated metabolic risk factors that lead to the development of diabetes and CVD, and one of the most accepted underlying mechanisms for this syndrome is the disease of the adipose tissue with visceral adiposity and IR [28, 29] and this study clearly showed that the TG/ HDL-C ratio was associated with abdominal obesity and IR. Otherwise not all obese persons will develop IR, endothelial dysfunction, MS and cardiometabolic diseases, and paradoxically, a high number of non-obese individuals do suffer from these conditions [30] . A number of biomarkers described in literature, such as highmolecular weight subfraction of adiponectin, tumour necrosis factor alpha (TNF-), plasminogen activator inhibitor 1 (PAI-1), von Willebrand Factor (vWF), cytokines related to IR, inflammation, atherosclerosis, type 2 diabetes, dyslipidemia and hypertension [30] [31] [32] are not available for clinical practice. Furthermore the measurement of small low-LDL-C (phenotype B), which is associated with a fourfold atherogenic risk [33] , or even insulin dosage that is closely related to IR are difficult to measure. As obesity and its correlated morbidities are world public health problems a simple marker for cardiovascular risk factor is needed for epidemiological surveys. Then, this study proposes for pediatric population the cutoff point of 2.73 rather than 3.5 normally used in adult patients [34] . This proposal is not arbitrary considering that children may have lower TG levels and higher HDL-C levels than adults. Thus, 2.73 would identify more children on IR state.
Lipid abnormalities have for long been related to atherosclerosis [35] but recently, lipid particle subfractions have also been implicated in the process [33] .
The finding that an increased TG/HDL-C ratio is correlated with a higher HOMA index could indicate this ratio as a useful marker for identifying insulin resistant individuals. A study that had fasting measurement of plasma lipids and LDL particle concentrations and size showed a great ability of different TG/HDL ratios to identify overweight youth with atherogenic profile [16] adding to this marker more one reason to be used.
In conclusion we demonstrated that in overweight youth the TG/HDL-C ratio is associated with IR. These findings place obese youth with IR in the category of a group that needs especial attention with regard to identi-fication, prevention and treatment for cardiometabolic disorders. As an easily available marker, TG/HDL is a strong candidate for a surrogate index of IR and atherosclerosis. In children, a lower cutoff point should be established.
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